STRANDED SHINGLE BEACH RIDGES, UPPER SPENCER GULF, SOUTH 
AUSTRALIA: EVIDENCE FOR HIGH WAVE ENERGY DISSIPATION 
DURING THE LATE PLEISTOCENE 


by J, R. Haits* and V. A, GosTINT 


Summary 
Hains, J, R, & Gostin, V- A. (1978) Stranded shingle beach ridges, upper Spencer Gull, 

South Australia: evidence fur high wave energy dissipation during the late Pleistocene, 

Trans. R. Soc. 5. Ausr. 102(6), 169-173, 31 Angust, 1978, 

Stranded shingle beach deposits have been traced over a distance of some 50 kn) from 
near the head of Spencer Gulf southwards along ils western shore to Stony Point, near 
Whyalla. These deposits, which consist of moderately sorted, rounded to sub-ngular pebbles 
and cobbles, form Well preserved ridges 3-5 m above present mean sea level. Entire, non- 
abraded shells of the estuarine bivalve Anadara trapezia (Deshayes 1840) are abundant in the 
beach deposits and, because this species is now extinet in South Australia, a Pleistocene 
age is indicated for the ridges. 

The movement of gravel by present-day waves in the northern part of Spencer Gulf is 
restricted compared with that indicated by the stranded, shingle beach ridges, During the 
Pleistocene it appears that the combination of a high sea level, large fetch, strong easterly 
winds and high wave energy dissipation along the shoreline emplaced the relict shingle beach 


deposits. 


Introduction 


Evidence for high stands of sea level during 
both the Pleistocene and Holocene epochs has 
been cited from several regions of Australia 
(Hails 1965; Thom ët al 1969; Gill & Amin 
1975; Thom & Chappell 1975; Cook et al, 
1977), Some of this evidence pertains to shore 
platforms which may have been abraded 
several times during eustatic changes Of sea 
level in the past, The rate at which shore plat- 
forms are modified by marine abrasion varies 
widely because of differential weathering and 
erosion controlled by rock composition, texture 
and structure and, therefore, it is difficult to 
relate them to former still stands of sea level 
Furthermore, such a correlation is almost 
impossible anyway, because modern sea level 
around Australia is believed to be within a 
metre or so of its former level during the late 
Pleistocene (Hails 1968; Chappell 1976). 


The problem of dating Pleistocene sea levels 
in coral reef areas has been outlined by Chap- 
pell er al, (1974). In addition, many C!* dates 


teported from Pleistocene strandlines near 
present sea level have proved to be unreliable, 
and therefore other dating methods must be 
used before an accurate reconstruction of past 
events can be undertaken (Thom 1973), 
Because of these facts, it is now generally 
recognised by researchers conducting process 
studies in the coastal zone that depositional 
features, such as barrier beaches containing 
diagnostic fossils, datable organic material and 
soil horizons, are better indicators of relative 
changes in mean sea level, 

During a recent survey of the coast of upper 
Spencer Gulf, as part of a detailed study of the 
submarine geology and nearshore processes 
within the region, the writers traced well 
preserved stranded shingle beach deposits from 
Black Point, 15 km northeast of Whyalla, 
northwards along the shoreline to a point 
opposite Snapper Point 8 km south of Port 
Augusta, a distance of about 50 km (Fig. 1). 
The term ‘shingle’ is used here to describe 
beach gravels composed predominantly of 
pebbles and cobbles, 
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Fig. I. Generalized map of upper Spencer Gulf 
to show distribution of stranded beach 
deposits and maximum fetches during a 
-+3 mehigh stand of Pleistocene sea level. 


The purpose of this paper is to describe 
briefly the main diagnostic features of these 
deposits and to consider the conditions under 
which they may have been emplaced during a 
Pleistocene high stand of sea level, As far as 
the writers are aware, these deposits have only 
been recorded on the Cultana (1:63360) 
geological map, and in the Black Point—Point 
Lowly area by Crawford (1963) who de- 
scribed them as Quaternary ‘emerged offshore 
burs’ lectonically elevated to their present 
position, However. Firman (1965), without 
citings Crawford's earlier work, mentions a 
)0-ft Tertiary-Quaternary high stand of sea 
level and associated uravel beach ridges. 


Stranded beach deposits 
Most of the stranded beach deposits form 
sinuous, ft-topped ridges which stand 3-5 m 
above Meat sey level (Fig. 2A), They are 
usually narrow, no more than 10-15 m wide, 
although at one locality, 15 km south of Port 
Augusta, one ridge is more than 75 min widih 
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(Figs 2E and 2F), The seaward slope of these 
ridges Usually exceeds 30°, which is generally 
steeper than the landward or lee slope. The 
75 m-wide ridge shown in Figs 2E and 2F has 
an extremely gentle lee slope and resembles a 
washover fan, a feature deposited on a coast 
during hurricanes and cyclones when beach 
ridges are extensively eroded by storm waves. 
In some localities the shingle deposits form 
clitls behind the modern beach. An intervening 
narrow ‘flat’ between the cliffs and the back- 
Shore is now used as a toad for vehicular 
traffic, particularly between Port Augusta and 
Blanche Harbour. Many ridges are vegetated 
With low scrub, but this is generally absent 
fram the flut, crestal surfaces because of the 
extreme permeability of the gravels. 

Rounded to sub-angular pebbles and cobbles 
of Precumbrian sandstones and quartzites are 
the main constituents of the ridges (Fig, 2B) 
These have been derived from either alluvial 
fans, dissected by ephemeral streams, or 
colluyium that mantles neighbouring cliffs 
usually cut in bedrock. A few of the cliffs, 
though, comprise remnant alluvial-lan deposits. 
In the Point Lowly area the shingle comprising 
the ridges is significantly more rounded than 
that on most other beaches where the materia! 
has been derived directly from cliffs and out- 
crops of Precambrian bedrock. 

At most localities the stranded shingle is 
moderately sorted and varies in size from large 
flat cobbles, as in the Black Point-Point Lowly 
sector, to more ubiquitous sub-rounded, small 
cobbles and pebbles elsewhere along the Gulf 
coast. Some lateral reduction in mean clast 
size has heen noted away from source areas, 
but the alongshore movement of gravel has 
been minimal, as evidenced by the absence of 
recurved spits, 

The thick-shelled estuarine cockle Anadara 
HVapesia is wbundant in the relict beach deposits 
especially in Fitzgerald Bay and the northern- 
most part of the Gulf (Figs 2C and 2D). 
According to Gill (1977), this species migrated 
to Australia during the Pleistocene epoch, 
probably more than 400,000 years ago. and 
became abundant in southern Australia during 
the Last Interglacial. However, A. trapezia is 
absent from the modern sediments of South 
Australia except where it has been reworked 
trom Pleistocene deposils. The shells found in 
the stranded shingle ridges arc entire, non- 
abraded valves and therefore do not appear to 
have been reworked trom early Pleistocene 
deposits 
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Stranded sinuous shingle beach ridge, looking north, Fitzgerald Bay. (Map Ref. 568534, Cul- 
tana 6432-IET, 1:50 000). 

. Cobbles and scattered boulders comprising 3m beach ridge, Stony Point. View looking east 
towards Point Lowly. (Map Ref. 575456, Mambray 6432-1], 1:50 000). 

. Road cut through stranded shingle beach, containing abundant shells of Anadara trapezia, 
Saints Bay. (Map Ref. 580825, Davenport 6432-1, 1:50 000). 

. Part of road-cut in Fig. 2C showing in situ Anadara trapezia. 

. Landward margin of non-vegetated part of washover fan shown in Fig. 2F, and located 15 km 
south of Port Augusta. (Map Ref. 586865, Davenport 6432-1, 1:50 000). 

. View looking north showing washover fan with road on seaward side. Location as in Fig. 2E. 


Discussion inferred that there has never becn a substantial 


No marinc gravels have been located above 
the Pleistocene shoreline reported here, and 
very little gravel has been recovered in 3-5 m 
long, undisturbed vibrocores obtained from the 
seabed immediately offshore from the stranded 
shingle beach ridges. Therefore, it may be 


offshore reservoir of shingle in upper Speneer 
Gulf. Also, the fact that the shingle ridges dis- 
play minimal grading, and no marked variation 
in width in an alongshore direction, suggests 
that there has becn only minor northerly or 
southerly movement of beaeh material along 
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the embayed western shore of the Gulf in the 
past. The shingle has been derived from either 
outcrops of Precambrian quartzite or, more 
commonly, adjacent dissected alluvial fans 
Which, as stated previously, form cliffs in some 
localities. It appears that the shingle was moved 
a short distance offshore, abraded in the near. 
shore zone and yltimately deposited as beach 
idge maternal. In the relatively confined and 
sheltered parts of northern Spencer Gull 
today, the movement of beach gravel is Some 
whut restricted within the inter-tidal zone by 
the mangrove Avicennia marina var, resinifera 
((Fort. f) Bakh vd. Brink 1921) whieh 
“rows on sub-angular sandy gravel und often 
hetween blocks of cemented Pleistocene con- 
glomeruate. 

If Gills thesis on the migration of Anadara 
trapezia is correct the stranded beach ridges 
Which contain A, trapezia could have heen 
huilt during cither the Last Interglucial 
(120,000 years BR) or during å late Pleistocene 
interstadial, about 30,000 years BP because, as 
stuled above, there is no evidence of an earlier 
Pleistocene sea level in upper Spencer Gulf 
The presence of entire and unweathered shells, 
the well-preserved beach tidge surfaces, and the 
lack of fine windblown sediment on the ridge 
lops collectively suggest.a very lute Plesuene 
age, but dating is obviously needed to establish 
an absolute age. 

Regardless of the age of the stranded beuch 
ridges, their presence is significant in determin- 
ing past wave and wind regimes in the northem 
part of the Gulf. In this context, it is pertinent 
to consider the fuctors mvolved in the forma- 
tion of such ridges. In the area of generation, 
the height of sca waves and their period are 
functions of the duration that the wind (storm) 
blows (D), the wind velocity (U1), and the 
length of fetch (F) or the distance over which 
the wind blows, The feteh length is a major 
facto because it determines not only the time 
Uuring which wind energy is trunsterred to the 
sea suriuce, but also the wave height (H) and 
period (1). Thus, tor relatively short fetches, 
waves depend upon the fetch length (RF) wnd 
will velocity (WU), and Inr long fetches an 
wind velocily and duration (D). This relatten- 
ship can be writen  syimbelically us 
Hr -- f (UF D). 

lt can be seen in Figure 1 that winds would 
have been muuhly southeasterly in order to 
bild most of the shingle ridges hecause smaller 
wives are generated from other dueetions. 
Even if easterly winds occurred less frequently 
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than al others they were, nevertheless, the 
dominant winds that oeneraled waves oble ta 
move shingle aud form beach ridges. Fine sand 
and mud could have been moved selectively 
hy Currents and carried alongshere in suspen- 
sion. tt is also known that variation in wave 
energy is partly responsible for variations im 
purticle size parallel to the shoreline and that 
luryer particles ure associated ‘with greater 
energy. Theoretically, wave heights of aboul 
3-5 m above mean sea level can be venerated 
hy winds of 50 knots blowing over a fetch of 
90 km—one which tar exceeds those in upper 
Spencer Gulf today—but waves of this height 
are usually destructive. 

On the other hand, shingle can be deposited 
a few metres ubave a given datum by construc- 
tive swell and, in the light of this fact, it 
should he considered whether or wot the 
stranded nudges were emplaced during a +3 m, 
or slightly lower, stillstand of the sea during 
the Pleistocene. Certainly, the 2 m ditference 
in the maximum heiphi of ride crests reported 
here could reflect degree of exposure to, and 
variations in, wave enegy as determined by the 
length nf fetch in the past, and coastal con- 
figuration, 

The present tidal range in the Gull is about 
2 m, but Radok & Raupach (1977) have 
shown in recent studies thal weather systems 
raise mean sea level avainst the south coast of 
Australia because of barometric pressure and 
wind stress operating ever large areas of the 
Southern Ocean Waves and tides, in turn, ure 
superimposed on this mean sea level, Because 
changes iñ Mean seu level are relatively slow, 
they are able to penetrate into confined water 
bodies like Spencer Gulf and Gulf St Vincent 
m South Australia, amt may consequently 
induce notable water exchange und sediment 
movement. Coastal erosion slong the southern 
margin of Australia today ean, in lact, he 
linked to these variations. If similar meteoro- 
logical conditions existed in the late Pleisto- 
cone, and wobaric pressure gradients were 
steeper, there is little doubt that shingle ridges 
could also have been constructed us a result of 
higher Wave energy in upper Spencer Gulf, 

It is worth mentioning that studies by Veeh 
(1966) in the Central Pacific have shown thal 
sca level stood approximately 2-6 m above 
mudern datum during the Last Interglaciul. 
However. wide-scale correlations can be sus- 
pect because of regionyl and lecul factors, some 
of which have been discussed Iere with reeard 
to South Australia. 
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As only a small area of the Gulf is under 
review in this paper the writers cannot debate 
with justification whether the ridges have been 
vlevated as a result af tectonic activity us pro- 
posed for the Blick Point-Lowly Point area 
by Crawford (1963). Although teetonism 
cannot be ignored on a much larger regional 
scale it seems unlikely, for the reasons just 
cited, that it can exclusively account for the 
3-5 m heach ridges. 

In conclusion available evidence indicates 
that the stranded shingle ridges in upper Spen- 
cer Gulf are Pleistocene in age, and were most 


likely built during a +3 m high stand of sea 
level when easterly winds predominated in the 
region and large waves from the southeast 
dissipated their edges along the western shore. 
Ne corresponding shingle ridges are known 
along the eastern counterpart of the Gulf de- 
spite the fact that southwesterly waves travel 
across the longest fetch today. 
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